I. INTRODUCTION
The theory of stellar evolution is by now well established, after more than sixty years of continuous development, and its main predictions confirmed by various empirical tests [11] . Thanks to the works of Bethe [1] , [2] , and many others, the study of the elemental composition of stars and galaxies, revealed to be a key topic for understanding the origin and evolution of these remote objects [5] , [13] . Tools for understanding the stellar evolution are 1) atomic spectroscopy, which allows the determination of the elemental abundances in stars, interstellar gas, and galaxies, and 2) nuclear mass spectroscopy, which is used for precise determination of most isotope abundances in Earth, lunar, and meteoritic samples. The abundance of a given element is the relative amount (or fraction) of this element in a sample of matter. It can be expressed either: -in relative terms with respect to the amount of some key element, e.g., the most abundant one, in the sample. -in absolute terms (definition adopted in this work), i.e., with respect to the total amount of matter in the sample. The abundance is expressed in terms of mass fractions; i.e. the mass fraction of a given nuclide to the total mass of the star. Measurements of oxygen abundances in stars or in presolar grains of different ages provide important clues about the chemical evolution of the Galaxy [10] . The isotopes of oxygen are a crucial diagnostic tool of nucleosynthesis and Galactic chemical evolution. This is due in large part to oxygens high abundance. 16 O is the third most abundant element in the solar system, though considerably less abundant than hydrogen and helium (principally produced in primordial nucleosynthesis). According to the compilation of Lodders [7] oxygens abundance is nearly equal to that of all the other heavy elements (elements with atomic number greater than that of helium) combined [14] .
Despite the low relative abundances of 17 O and 18 O, they are still sufficiently abundant that they can be measured in stellar atmospheres. Oxygen isotopic abundances are also readily measured in presolar grains in meteorites and interplanetary dust particles. These measurements provide key constraints on nucleosynthesis and stellar evolution [8] . The fact that its three stable isotopes are predominantly made in different burning epochs during the life of a star, contributes to oxygens importance as a diagnostic tool.
17 O is predominantly made in hydrogen burning, 18 O is predominantly made in the early stages of helium burning and 16 O is made in the later part of helium burning. Thus, the isotopic composition of a stellar atmosphere or a presolar grain provides clues to the stellar region in which the major part of the material was synthesized [4] .
Finally, a third significant aspect of oxygens role, as a diagnostic tool of nucleosynthesis and galactic chemical evolution, is the primary versus secondary nature of the different isotopes. 16 O is a primary isotope, that is, an isotope that can be synthesized in a star initially composed only of hydrogen, while 17 O and 18 O are secondary isotopes, which means that their formation requires pre-existing seed nuclei from previous stellar generations [10] . As a consequence, the abundance of 16 O relative to those of 17 O and 18 O changes with time in the Galaxys history. 4.56 billion years ago, our sun started to burn hydrogen and entered the main sequence phase. It will continue in this phase for at least 6.34 billion years until the hydrogen runs out http://www.astronomy.ohio-state.edu/ pogge/. In this paper we present the theoretical calculations of the abundances of the following isotopes:
1 H, 4 He, 12 In order to calculate the abundance of a given element; one, first, has to define the series of reactions (network) leading to its production and destruction. This leads to a system of coupled differential equations, known as Bateman equations [6] . These equations are, generally, solved numerically using specific temperature and density as initial conditions. The open-source package nucnet-tools, initiated and developed by the Webnucleo project headed by Bradley S. Meyer, Astronomy and Astrophysics group at Clemson University, South Carolina, USA https://sourceforge.net/p/libnucnet/home/Home/, was used for this purpose. In addition, nucnet-tools allows the determination of the abundance of elements in stars. The sun is being taken as an example in many of the scripts composing the package [9] . In this work, calculation of the abundance of low-Z elements, namely 1 H, 4 He, 12 C, 14 N and the oxygen isotopes 15 O, 16 O, 17 O, and 18 O, in the core of the sun is achieved using "nucnet tools". A series of scripts is used in order to calculate the network leading to the production and destruction of an isotope. The Newton-Raphson Method is used for solving the system of equations required for the calculation of the abundance of the isotope, in an iterated method until a defined convergence is reached. The procedure is detailed and well explained in [9] . As mentioned above, the temperature and density are the main parameters for initializing the calculation. They both, mainly, depend on the expansion timescale (τ) which can be defined as [9] :
So that the density changes as:
and the temperature T 9 = T/10 9 K is such that ρ ∝ T 3 9 [9] .
Here, the expansion time scale,τ, is taken equal to infinity. This choice means that the temperature T and density (ρ), in the center of the sun, remain constants with time. The initial values of T and ρ are, respectively, 1.548 × 10 7 K, 1.505 × 10 2 g/cm 3 at time t = 10.9 billion years. Appropriate nuclides and reactions data from the JINA (Joint Institute for Nuclear Astrophysics) database [3] are used when needed.
B. Production and destruction of oxygen isotopes
The following reactions contribute to the production of oxygen isotopes [10] 
III. RESULTS
Calculations were performed over the "whole lifetime" of the sun. The first two columns in Table I show the consecutive phases of our sun and their lifetimes, as in http://www.astronomy.ohio-state.edu/ pogge/. The initial values of the important parameters for achieving the iterations, namely; the temperature (10 9 K), density (g/cm 3 ), and the value of abundance to start with, are also shown in Table I .
Preliminary note: the figures herein illustrate the most significant results. The initial values for the abundance of the studied isotopes are shown in Table II . All results are compiled in a single table (Table III) .
Calculations are run with an infinite expansion timescale (τ). In addition the initial conditions in Table II are assumed. The electron screening and nuclear statistical corrections are neglected in these calculations. The radius of the sun changes during phases, so that, the density changes accordingly. The density in phases II, III, and IV are taken to be ρ = ρ • × r 3 , where r is the radius of the sun (in units of the actual radius, R • ) at the beginning of each phase http://www.astronomy.ohio-state.edu/ pogge/
A. Phase I: The H Burning Phase
Hydrogen burning is the first phase in the lifetime of the sun, where hydrogen burns to produce helium, it will continue for 10.9 Gy. Figures 1 to 5 After the hydrogen core is exhausted, the helium atoms become unstable and start to collapse under their own weight which makes the core hotter and denser while the remaining hydrogen gets moved out into a thin shell surrounding the helium core. The next 700 My (phase ending at 11.6 Gy) show a slow evolution where the brightness remains constant and the radius gets bigger; the sun becomes a subgiant star. After that, the subgiant Sun starts a rapid growth in size for 601 My (after 12.201 Gy from its birth). At that time, the stellar wind begins and the outer parts of the sun's envelope get lost to the wind. The red giant phase starts at 12.233 Gy, the sun becomes brighter and bigger to engulf Mercury, the helium core will reach a temperature of 100 Million degrees and helium fusion ignites in the core producing carbon and oxygen http://www.astronomy.ohio-state.edu/ pogge/. Calculations show no significant variation of the mass fraction of all the studied elements over the total period of 1301 My. Thus the two previous periods were grouped in one phase (phase II of 1.301 Gy). Calculations show that for the last time step (1301 My) the abundance for 1 H is X = 1.62 ×10 −13 , for 4 He is Y = 0.8736. The corresponding abundance of 12 C is 6.87 × 10 −6 . These results together with the abundances for 14 Table III . As expected, the star runs out of hydrogen and the main source of energy is the helium burning. Table III shows the mass fractions of the studied elements during this phase.
D. Phase IV: Helium Exhaustion Phase
Finally, and the calculations stop here, the same procedure is used for the He exhaustion phase which lasts for 20 My. The mass fractions of all the studied elements during the helium exhaustion phase are shown and discussed in Table 1 ). The initial abundances of the elements were taken from Lodders compilation for proto-sun. The obtained results, in this work, confirm the predictions by nuclear physics models. To avoid redundancy, the reader is referred to the last column in Table III which resumes all the conclusions that can be driven from this work. But globally, one can say that the calculations are consistent with the theoretical predictions of the abundance of studied isotopes, and especially the oxygen isotopes, in the core of the sun. to the reactions of its production and destruction. A clarification can be obtained thanks to a future study on the calculation of reaction rates of the oxygen isotopes 19 O all phases Infinitesimal traces
